Cadinane-type sesquiterpenes have a wide spectrum of biological activity, but their use as wood preservatives and the structure-activity relationships of their derivatives have not yet been reported. A total of 13 compounds were synthesized from T-cadinol, T-muurolol, and a-cadinol and their chemical structures were confirmed by IR, MS, and 1 H and 13 C NMR. The antifungal properties of 16 compounds against three wood-decay fungi were evaluated in vitro. a-Cadinol showed strong antifungal activity against Lenzites betulina, Trametes versicolor, and Laetiporus sulphureus (total mean IC 50 0.10 mM). Among the derivatives synthesized, 3b-ethoxy-T-muurolol (0.24 mM), 4jH-cadinan-10b-ol (0.25 mM), 4jH-muurolan-10b-ol (0.29 mM), and 4jH-cadinan-10a-ol (0.25 mM) showed good antifungal activity against all fungi tested. Correlation was observed between the antifungal activity of the compounds tested and log P. Furthermore, the presence of an unsaturated double bond and oxygen-containing functional groups in the compounds plays a key role in their antifungal activity. The stereo configuration of cadinane-type sesquiterpenes also influences their antifungal activity. Understanding how the structure of natural compounds relates to their antifungal function is important and may facilitate their application as novel wood preservatives.
Introduction
Natural products have attracted increasing interest as ecologically safer alternatives to fungicides and insecticides and as sources of new medicines. Over the past few years, fungicide research has produced a diverse range of products with novel modes of action that are expected to have a significant impact on disease control in the next decade (McChesney 1993; Grayer and Harbone 1994; Oliva et al. 2003) . Recently, great interest has been focused on natural products and wood extracts for resistance against wood-decay fungi. Understanding the capability of wood extracts to protect against fungi is one possible approach for developing new fungicides (Celimene et al. 1999; Schultz and Nicholas 2002) . Furthermore, the discovery of an array of natural antifungal substances is of vital importance in overcoming the continuing development of microbial resistance in agriculture.
Biodegradation of wood by fungi is a serious problem for both wooden structures and forest management. Basidiomycete fungi of the genera Trametes, Lenzites, and Laetiporus are recognized worldwide as major wooddecay fungi. Failure to control them can result in serious economic losses to the wood industry and agriculture. Most lumber from the US is produced in the southeast, and over half of all southern yellow-pine dimension stock is chemically treated in some manner, principally with a preparation referred to as chromated copper arsenate. The environmental hazards associated with the use of both chromium and arsenic salts will likely adversely limit their future use. Therefore, the desire for safer phytochemicals with lower environmental and mammalian toxicity is a major concern (Schultz and Nicholas 2000; Wedge et al. 2000) .
Sesquiterpenes possess a wide spectrum of biological activity through which they appear to play a role in plant defense mechanisms (Fraga 2001 (Fraga , 2003 . Due to their bioactivity, some sesquiterpenes with the cadinane skeleton have been evaluated for antifungal or insecticidal activity. Cadinane-type sesquiterpenes constitute a fairly large family of more than 200 compounds mainly isolated from the woody parts of plants, and they are often associated with decay resistance.
In our previous studies (Chang et al. 1998 (Chang et al. , 1999 (Chang et al. , 2000a (Chang et al. , 2001 , we have demonstrated that the wood of Taiwania (Taiwania cryptomerioides), one of the most important plantation softwoods in Taiwan, is a species with excellent antifungal and antitermitic properties. In addition, it has been proven that cadinane skeletal sesquiterpenes, including T-cadinol, T-muurolol and a-cadinol, are the predominant compounds in the heartwood of Taiwania. Results obtained from antifungal assays demonstrated that a-cadinol exhibited the highest antifungal activity for both Trametes versicolor and Laetiporus sulphureus, followed by T-cadinol and T-muurolol. Further comparison of the molecular configuration of these cadinanes revealed that cadinane skeletal sesquiterpenes with an equatorial hydroxyl group at C-10 and a trans-fused configuration at the ring junction, as in a-cadinol, exhibited the strongest antifungal activity (Chang et al. 2000a) . Moreover, there have also been reports stating that cadinanes have a significant effect in durable tree species against fungi and termites (Kondo and Imamura 1986; Kinjo et al. 1988) . On the other hand, Labbe et al. (1993) demonstrated that T-cadinol shows significant toxicity to Artemia salina (brine shrimp bioassay). He et al. (1997) reported that a-cadinol showed bioactivity against brine shrimp, yellow fever mosquito (Aedes aegypti) larvae, and human tumor cells . Similarly, in previous studies we found that a-cadinol was moderately active against HT-29, and T-muurolol was modestly active against both the HT-29 and MCF-7 cell lines (Chang et al. 2000b) . To the best of our knowledge, no antifungal activity of the cadinane derivatives has been reported, so this property appeared to be worthy of evaluation. The present study describes the antifungal characteristics of 16 natural and semi-synthetic cadinane-type sesquiterpenes in antifungal assays, and explains the structure-activity relationship of the cadinane moiety.
Materials and methods

Plant material
Samples from 27-year-old Taiwania were collected from the experimental forest of the National Taiwan University located in Nantou County in central Taiwan.
General instruments
High-performance liquid chromatography (HPLC) was carried out using a Hitachi model L-7150 pump equipped with a L7490 refractive index detector and a Hibar Lichrosorb Si 60 (25=1 cm i.d.) column. IR spectra were recorded on a Bio-Rad FTS-40 instrument. Mass spectra (MS) were obtained on a Finnigan MAT-95S mass spectrometer. 1 H and 13 C NMR spectra were recorded on a Bruker DMX500 spectrometer at 500 MHz.
NMR analyses
The samples were dissolved in CDCl 3 , and tetramethylsilane (TMS) was used as an internal standard. The 1 H, 13 C, COSY, NOESY, HMQC, and HMBC NMR spectra were recorded using standard pulse sequences of the instrument. For 1 H NMR, the chemical shifts (d) are reported in parts per million (ppm) relative to TMS. The d values were referenced to CDCl 3 (7.27 ppm). First-order behavior was assumed in analysis of 1 H NMR spectra, and multiplicities are as indicated by one or more of the following: s, singlet; d, doublet; t, triplet; m, multiplet; and br, broad. Spin coupling constants (J values) are reported to the nearest 0.5 Hz. For 13 C NMR, the d values were referenced to CDCl 3 (77.23 ppm).
Extraction and isolation of three cadinanes
Three natural compounds, T-cadinol (1), T-muurolol (2) and a-cadinol (3), were isolated and purified from the heartwood of Taiwania according to the method described in our previous study (Chang et al. 2000a ).
Hydrogenation of cadinane derivatives
The synthesis is outlined in Scheme 1. T-Cadinol (116.8 mg), T-muurolol (105.7 mg), or a-cadinol (66.6 mg) and Pd/C (10%) in 5 ml of methanol were stirred for 16 h under hydrogen. The reaction mixture was filtered through Celite to yield three products, 4jH-cadinan-10b-ol (14) (73.6 mg), 4jH-muurolan-10b-ol (15) (76.1 mg) and 4jH-cadinan-10a-ol (16) (47.3 mg).
Preparation and isolation of cadinane derivatives
The synthesis is outlined in Scheme 1. T-Cadinol (1.72 g), Tmuurolol (1.58 g)nb, or a-cadinol (1.54 g) and SeO 2 (1.07 g) in 30 ml of 95% ethanol were refluxed for 6 h. The reaction mixture was filtrated through Celite, and the filtrate was chromatographed on a silica gel column by elution with gradients of n-hexane and EtOAc. 15-Oxo-T-cadinol (4) wretention time (RT) 11.9 minx and 3-oxo-T-cadinol (5) (RT 15.1 min) were isolated from the EA-3 fraction using a mobile phase of CH 2 Cl 2 /EtOAc/n-Hex (10:25:65) at a flow rate of 2.0 ml min y1 . 3-Oxo-15-hydroxy-Tcadinol (6) (RT 25.1 min) was isolated from EA-5, and then the mobile phase was changed to CH 2 Cl 2 /EtOAc/n-Hex (10:40:50). 15-Oxo-T-muurolol (7) (RT 13.0 min) and 3-oxo-T-muurolol (8) (RT 15.5 min) were obtained from EA-8 using a mobile phase of CH 2 Cl 2 /EtOAc/n-Hex (10:30:60). 3b-Hydroxy-T-muurolol (9) in the form of colorless crystals was separated from the EA-12 fraction during separation. 3b-Ethoxy-T-muurolol (10) (RT 11.7 min) (mobile phase CH 2 Cl 2 /EtOAc/n-Hex 10:30:60, flow rate 2.0 ml min y1 ) was purified from the EA-7 fraction. 15-Oxo-acadinol (11) (RT 17.2 min) and 3-oxo-a-cadinol (12) (RT 23.5 min) were separated from the EA-10 fraction using a mobile phase of CH 2 Cl 2 /EtOAc/n-Hex (5:30:65). 3-Oxo-15-hydroxy-a-cadinol (13) was purified from the EA-14 fraction on the same HPLC system at 29.2 min using a mobile phase of CH 2 Cl 2 /EtOAc/nHex (10:40:50) at a flow rate of 2.0 ml min y1 . The chemical structures of the compounds isolated are shown in Figure 1 .
15-Oxo-T-cadinol (4) Yellowish amorphous solid. EIMS m/z: 236 wM q x.
13 C NMR (CDCl 3 ) data are listed in Table 1. 1 H NMR (CDCl 3 ) data are listed in Table 2 .
3-Oxo-T-cadinol (5) Yellowish crystals, m.p. 97-988C. EIMS m/z: 236 wM q x.
1 H and 13 C NMR data coincided with those in the literature (Lin et al. 1974; Taber et al. 1996) .
3-Oxo-15-hydroxy-T-cadinol (6) Yellowish amorphous solid. EIMS m/z: 252 wM q x.
13
C NMR (CDCl 3 ) data are listed in Table  1 .
Figure 1
Configurations of cadinane derivatives: T-cadinol (1), T-muurolol (2), a-cadinol (3), 15-oxo-T-cadinol (4), 3-oxo-T-cadinol (5), 3-oxo-15-hydroxy-T-cadinol (6), 15-oxo-T-muurolol (7), 3-oxo-T-muurolol (8), 3b-hydroxy-T-muurolol (9), 3b-ethoxy-T-muurolol (10), 15-oxo-a-cadinol (11), 3-oxo-a-cadinol (12), 3-oxo-15-hydroxy-a-cadinol (13), 4jH-cadinan-10b-ol (14), 4jH-muurolan-10b-ol (15), 4jH-cadinan-10a-ol (16).
15-Oxo-T-muurolol (7) Yellowish amorphous solid. EIMS m/z: 236 wM q x.
13 C NMR (CDCl 3 ) data are listed in Table 1 .
1
H NMR (CDCl 3 ) data are listed in Table 2 .
3-Oxo-T-muurolol (8) 13 C NMR (CDCl 3 ) data are listed in Table 1. 1 H NMR (CDCl 3 ) data are listed in Table 2 . 3b-Ethoxy-T-muurolol (10) Yellowish amorphous solid. EIMS m/z: 266 wM q x.
13 C NMR (CDCl 3 ) data are listed in Table 1. 1 H NMR (CDCl 3 ) data are listed in Table 2. 15-Oxo-a-cadinol (11) Yellowish amorphous solid. EIMS m/z: 236 wM q x.
1 H NMR data coincided with those in the literature (Kuo et al. 2002) .
13 C NMR (CDCl 3 ) data are listed in Table 1 1 H NMR (CDCl 3 ) data are listed in Table 2. 4jH-Cadinan-10a-ol (16)q4-epimer Colorless amorphous powder. EIMS m/z: 224 wM q x.
1 H NMR (CDCl 3 ) data are listed in Table 2 .
Chemical properties
The octanol/water partition coefficient (log P) of the compounds tested in this study was provided by the ChemDraw Ultra 9.0 software package (ChemOffice 2005, CambridgeSoft, Cambridge, MA, USA). IC 50 values of compounds that were experimentally determined to be )200 mg ml y1 were assumed to be 1.0 mM to allow the inclusion of these compounds in analysis of the structure-activity relationships.
Antifungal assays
The fungi used were Lenzites betulina (BCRC 35296), Trametes versicolor (BCRC 35253), and Laetiporus sulphureus (BCRC 35305) . In vitro antifungal assays were performed as in our previous study (Chang et al. 2000a ). Assays were carried out in triplicate and the data were averaged. Different concentrations of the compounds (25, 50, 100, and 200 mg ml y1 ) were added to sterilized potato dextrose agar (PDA). A commercial fungicide, didecyl dimethyl ammonium chloride (DDAC), was used as a positive control. The test plates were incubated at 26"28C. When the mycelium of fungi reached the edges of the control plates, the antifungal index and median inhibitory concentrations (IC 50 , mM) were calculated. The antifungal index was calculated as follows:
where D a is the diameter of the growth zone in the experimental dish (cm) and D b is the diameter of the growth zone in the control dish (cm).
Statistical analyses
All results obtained from three independent experiments are expressed as mean"SD. Significant differences (P-0.05) were determined by the Scheffe test.
Results and discussion
Identification of cadinane-type sesquiterpene derivatives
Oxidation of T-cadinol (1) with SeO 2 yielded the three derivatives 4, 5, and 6. Compound 4 was isolated as an amorphous substance and showed a molecular ion at m/z 236 for C 15 H 24 O 2 . The IR spectrum of 4 showed bonds attributable to a conjugated aldehyde (2735, 1685, and 1642 cm y1 ). The 1 H NMR spectrum showed signals for an isopropyl group at 0.83 and 0.94 ppm (each 3H, d, Js6.9 Hz, H-12, H-13), and 2.03 ppm (1H, m, H-11), a three-proton singlet at 1.16 ppm (s, H-14) for a methyl attached to a quaternary carbon bearing a hydroxyl group, a trisubstituted olefinic proton at 6.90 ppm (s, H-5), and a conjugated aldehyde signal at 9.39 ppm (s, H-15). The 1 H NMR spectrum was very close to that of the starting product 1. Major differences were observed for signals corresponding to the conjugated aldehyde group and the H-5 signal was shifted downfield. The 13 C Structure-activity relationships of cadinane-type sesquiterpenes 623 Table 1 13 C NMR spectral data for cadinane sesquiterpene derivatives (4-13). (Table 2 ) of 4 was similar to that of 15-oxo-a-cadinol (Kuo et al. 2002) , except for differences attributable to the bhydroxy group in 4. On the basis of the above evidence, compound 4 was determined to be 15-oxo-T-cadinol. By comparing the NMR data for compound 5 with that of reported data (Lin et al. 1974; Taber et al. 1996) , the structure of 5 was determined as 3-oxo-T-cadinol. EIMS revealed compound 6 to be a sesquiterpene with molecular formula C 15 H 24 O 3 . The 13 C NMR data (Table 1) for 6 showed 15 carbon signals for a carbonyl (201.2 ppm), a double bond (148.8 and 137.3 ppm), an oxygenated carbon (69.6 ppm), three methyl groups, four methylenes, and four methines. The 1 H NMR data (Table 2) for 6 were similar to those for 5. The main differences observed were in the position of the H-5 (7.03 ppm, s) and H-15 (4.17 ppm, 2H, s) signals, which were both shifted downfield because of a hydroxymethyl group attached to an olefinic group. Thus, based on the above evidence, the structure of compound 6 was established as 3-oxo-15-hydroxy-T-cadinol.
Oxidation of T-muurolol (2) yielded four derivatives, 7, 8, 9, and 10. The 1 H NMR data for compound 7 were very close to those for 15-oxo-T-cadinol (4), except for differences attributable to the cis-fused ring in 7. Comparing the 1 H and 13 C NMR data for compound 7 with those for 4, the structure of 7 was determined as 15-oxo-T-muurolol. Moreover, by comparison of 1 H NMR data for compounds 8 and 9 with reported data (Lin et al. 1974) , the structures of 8 and 9 were determined as 3-oxo-Tmuurolol and 3b-hydroxy-T-muurolol, respectively. However, the 13 C NMR data for compounds 8 and 9 are reported for the first time. Compound 10 was isolated as a solid substance and showed a molecular ion at m/z 266 for C 17 H 30 O 2 . The 13 C NMR data (Table 1) for 10 showed 15 carbon signals for a double bond (132.6, 130.2 ppm), two oxygenated carbons (C and CH, 71.5, 76.1 ppm), five CH 3 , four CH 2 , and four CH. Ethoxyl signals were at 3.38 and 3.58 ppm (each 1H, m), and 1.16 ppm (3H, t, Js7.0 Hz). A broad signal at 3.47 ppm (1H, br s, H-2, resonating at 75.8 ppm), which showed HMBC correlation with 64.5 ppm (-OCH 2 CH 3 ) and NOESY correlation with signals at 3.38 and 3.58 ppm (-OCH 2 CH 3 ), was assigned as geminal to an ethoxyl group. An isopropyl group (0.79 and 0.82 ppm, each 3H, d, Js6.9 Hz; 2.25 ppm, 1H, m), a singlet methyl signal (1.13 ppm) on a quaternary carbon bearing a hydroxyl group, and a trisubstituted olefinic proton (5.71 ppm, d, Js5.0 Hz) were also observed. The presence of a doublet coupling (Js5.0 Hz) with H-6 for the olefinic proton H-5 revealed the cis-fused ring in 10. NOESY and HMBC analyses confirmed the carbon signal assignments and the stereochemical structure of this compound. There was no NOESY correlation between H-1 and H-3, while there was NOEY correlation between H-1 and the b-axial ethoxyl group. Therefore, the structure of compound 10 was determined to be 3b-ethoxy-T-muurolol.
Oxidation of a-cadinol (3) afforded the three derivatives 11, 12, and 13. Compound 13 had IR, EIMS, and 1 H NMR spectra similar to 6. Comparing the 1 H and 13 C NMR spectra of 13 with 3-oxo-15-hydroxy-T-cadinol (6), the structure of 13 was determined as 3-oxo-15-hydroxy-acadinol. Furthermore, by comparison of 1 H NMR data for the two derivatives 11 and 12 with reported data (Kuo et al. 2002; Lin et al. 1974) , the structures of 11 and 12 were determined as 15-oxo-a-cadinol and 3-oxo-a-cadinol, respectively. The 13 C NMR data for 11 and 12 are reported here for the first time. The hydrogenation of T-cadinol, T-muurolol, and a-cadinol yielded three products (14-16) and their 4-epimers. Their structures were elucidated by 1 H NMR (Table 2) . Furthermore, NMR data for eight derivatives (4, 6, 7, 10, 13-16) are reported for the first time.
Antifungal activity of cadinane-type sesquiterpene and its derivatives
The results of antifungal tests (Figure 2 ) indicate that compounds 1-4, 10, 14, 15, and 16 were most active against L. sulphureus, with antifungal indices higher than 50.6%; while compounds 5-9 and 11-13 were the least active, with antifungal indices lower than 29.4%. Furthermore, compounds 1-3 and 14-16 completely inhibited the growth of L. sulphureus at a concentration of 100 mg ml y1 . Similarly, compounds 1, 3, 4, 10, 14 , and 16 were very active against T. versicolor, while compounds 6, 8, 12, and 13 were the least active. Furthermore, compounds 1-3, 7-12 and 14-16 were highly efficient against L. betulina, with antifungal indices higher than 60.6%, while compounds 5, 6, and 13 were modestly active.
By comparing the IC 50 values for all fungi (Table 3) , a difference between the tolerances against the tested compounds can be observed. T. versicolor showed greater tolerance, with IC 50 values higher than those determined for L. sulphureus for nine of the 16 compounds tested. For the six oxidized derivatives (7-13), L. sulphureus showed greater tolerance, with IC 50 values higher than those determined for L. betulina. This can be attributed to the fact that brown-and white-rot fungi decay woods via distinctly different mechanisms. T. versicolor produces extracellular laccase, which catalyzes oxidation and thus inactivates the added compounds. Brown-rot fungi such as L. sulphureus cause the degradation of cellulose and hemicellulose in the cell wall, leaving lignin essentially undigested or, in some cases, demethylated, oxidized, or slightly depolymerized. Degradation of cellulose and lignin is the consequence of hydroxyl radical attack, which is generated through the Fenton reaction. The initial stages of brown-rot fungal decay involve oxidative degradation (Green and Highley 1997; Highley and Dashek 1998) . Fitzgerald (2005) demonstrated that the total mean MIC for structure-function analysis gives a good indication of the overall antimicrobial effectiveness resulting from specific sensitivity or resistance exhibited by an individual organism to certain compounds. The total mean IC 50 values of the cadinane-type sesquiterpene derivatives are shown in Table 3 . For all of the compounds examined, the total mean IC 50 values varied, but the antifungal order of the compounds remained unchanged.
Structure-activity relationship of cadinane-type sesquiterpenes
The results also demonstrate a potential relationship between the chemical structure and the experimentally determined antifungal activity of the cadinane-type sesquiterpene compounds tested. Using total mean IC 50 , the antifungal activity order of hydrogenated derivatives was 4jH-cadinan-10b-ol (14) (0.25 mM)s4jH-cadinan-10a-ol (16) (0.25 mM))4jH-muurolan-10b-ol (15) (0.29 mM). Comparison with the total mean IC 50 values of the original compounds indicates that derivatives 14 and 15 have increased antifungal activity, while derivative 16 has slightly decreased antifungal activity compared to the parent compounds. These results suggest that the unsaturated double bond in the compounds has an influence on their antifungal properties. Further comparisons of the molecular configuration of these derivatives revealed a similar result for the cadinane skeletal sesquiterpenes (1-3). Accordingly, a trans-fused configuration at the ring junction exhibited the strongest antifungal activity. It was ) against two white-rot fungi L. betulina and T. versicolor and the brown rot fungus L. sulphureus. Each experiment was performed three times and the data were averaged (ns3). Numbers followed by different letters (a-g) are significantly different at the level of P-0.05 according to the Scheffe test. also noted that the stereo configuration of hydroxyl at C-10 was less important than the configuration at the ring junction. Oxidized derivatives (4-6 and 11-13) with a transfused configuration at the ring junction with more than one oxygen-containing group (-OH, -CHO, -CO, -CH 2 OH) in the ring exhibited lower antifungal activity. The position of the functional group in the ring also plays an important role in antifungal activity. Functional groups in the C-3 position of the ring decreased the antifungal activity of a compound compared to those with a methyl group. This was observed as a difference in the total mean IC 50 , with 0.31 mM for T-cadinol (1) and 0.48 mM for 15-oxo-Tcadinol (4). In addition, the presence of a 3-oxo moiety in the ring strongly decreased the antifungal activity. For example, the IC 50 values of 3-oxo-T-cadinol (5), 3-oxo-Tmuurolol (8) and 3-oxo-a-cadinol (12) were higher than 0.85 mM, especially against T. versicolor.
On the other hand, oxidized derivatives (7-10) with an axial hydroxyl group at C-10 and a cis-fused configuration at the ring junction with more than one oxygencontaining group (-CO, -CHO, -OH, -OEt) in the ring Figure 3 Relationship between the octanol/water partition coefficient (log P) and total mean IC 50 of the cadinane sesquiterpene derivatives. (IC 50 values of compounds that were experimentally determined to be greater than 200 mg ml y1 were assumed to be 1.0 mM to allow the inclusion of these compounds in analysis of the structure-activity relationships.) exhibited greater inhibitory activity limited to L. betulina. Furthermore, functional groups in the C-3 position of the ring strongly increased the antifungal activity. Based on tests, the order of antifungal effectiveness of four derivatives against L. betulina was 3b-ethoxy-T-muurolol (10) (0.15 mM))3b-hydroxy-T-muurolol (9) (0.24 mM), 3-oxo-T-muurolol (8) (0.25 mM))15-oxo-T-muurolol (7) (0.39 mM). Comparisons with the IC 50 values of the original compound (2) (0.42 mM) indicated that three oxidized derivatives (7-10) have significantly increased antifungal activity against L. betulina.
The relationships between log P and the antifungal activity of the compounds tested, taken as the total mean IC 50 values, are presented in Figure 3 . The most active compounds (1-3, 10, 14-16) against the test fungi are the most hydrophobic compounds in the data set, with calculated log P values ranging from 3.10 to 3.96, while the least active compounds (6 and 13) are the least hydrophobic (log Ps1.17) . These data suggest that the hydrophobicity of compounds is an important factor for their antifungal activity. Knobloch et al. (1989) reported that the variation in fungicidal action of essential oil components depends on their hydrophilic and hydrophobic properties, which governs their capacity to penetrate the chitin cell walls of fungal hyphae. Voda et al. (2004) demonstrated that the log P value of oxygenated aromatic essential oil compounds could be used as a strong molecular descriptor for modeling of the experimentally determined MIC for T. versicolor and C. puteana. In addition, the antimicrobial activity of phenolic compounds correlates well with their intrinsic hydrophobicity and log P values (Ultee et al. 2002) . Moreover, the geometry of the inhibitory compounds also plays a significant role in the binding of a substrate to an enzyme's active sites and thus affects their antifungal activity (Voda et al. 2003) .
Conclusions
With regard to environmental protection, the search for environmentally friendly preservatives from highly durable tree species represents one approach for improving wood protection. We investigated the structure-activity relationships of 16 natural and semi-synthetic cadinanetype sesquiterpenes against wood-decay fungi. Among 16 compounds, a-cadinol exhibited the highest antifungal activity, followed by 3b-ethoxy-T-muurolol, 4jH-cadinan-10b-ol, and 4jH-cadinan-10a-ol. Clearly, the presence of the double bond and oxygen-containing functional groups in these compounds has an influence on their antifungal properties. In addition, the stereo configuration of cadinane-type sesquiterpenes also influences their activity. Furthermore, log P is a good indicator of antifungal activity for cadinane-type sesquiterpenes. Finally, T-cadinol, T-muurolol, and a-cadinol are the predominant components in Taiwania and are also widely present in the woody parts of numerous plants. Thus, understanding the influence of cadinane structures on durability could be helpful in designing and developing more effective wood preservatives.
